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Other Supplementary Material for this manuscript includes the following:
(available at advances.sciencemag.org/cgi/content/full/4/9/eaau0981/DC1) Movie S1 (.mp4 format). The silicon nanowire is made from n-doped silicon wafer (560 to 840 ohm·cm) and suspended in DI water. Movie S2 (.mp4 format). Counterfield rotation acceleration under 2.5 kHz, 20 Vpp E-field, and 532-nm laser (127 mW cm ). Note S1. Instant light responsiveness. The time-scale of photon-electron interaction is ~10 fs, and the following electron-phonon, electron-electron interaction relaxation processes towards a steady state are in the range of pico-seconds, which are all ultrafast processes, much faster than the camera frame rate. Therefore, we can consider the response of electro-rotation to optical stimulus as instant. A sudden removal of laser stimulus after a continuous exposure will be followed by the relaxation of photoconductivity, which depends on the decay rate or lifetime of the excess carriers. According to previous experimental measurements, usually the lifetime of minority carrier of bulk Si is tens of microseconds, yet for silicon nanowires, the lifetime is even shorter due to the high density of surface states and the corresponding high rate of recombination. Therefore, the response is also instant compared to that of the camera frame rate. Thus, the optical responses are very fast for both off-to-on and on-to-off processes.
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Fig. S1
. Rotation spectra of nanowires made from silicon wafers of various ndoping densities. All nanowires are ~5 μm in length and 500 nm in diameter. 532 nm laser of 127 mW cm −2 is adopted as optical stimuli.
Note S2. Surface depletion effects in silicon nanowires. We note that the test of Si nanowires made from Si wafers with resistivity ranging from 0.6 Ω cm to over 5000 Ω cm exhibits generally similar rotation spectra with or without laser illumination ( fig. S1 ). It suggests that although the doping levels of the original Si wafers are different by a few orders of magnitude, the effective electric conductivities among nanowires are much closer. Related phenomena have been observed and understood by the surface depletion effects in Si nanowires.(35, 36) For as-grown Si nanowires without surface passivation, the interface between Si and the naturally oxidation layer SiO 2 generate a large number of surface trapping states, which deplete carriers from the dopant and thus greatly reduce the electric conductivity. With our metal-assisted-chemical-etching fabrication process and no further passivation, the grown Si nanowires have relatively high surface state density. Taking a conservative value for surface state density of D it = 3 × 10 11 eV −1 cm −2 for the nanowires, then it can be found that the complete depletion of dopant based charging carriers occurs in nanowires (500 nm in diameter) with a doping density less than 3 × 10 15 cm −3 , or when the resistivity is greater than 1.6 Ω cm.(36) This suggests that the Si nanowires used in our experiments are mostly depleted, resulting in a much higher electric resistivity compared to the wafer, except for the nanowires made from heavily doped degenerate silicon of 0.001-0.005 Ω cm, in which no opto-mechanical effect has been observed. Note S3. Light absorption and photoconductivity. Light absorption of a silicon nanowire (~5 μm in length, 500 nm in diameter and made from n-doped Si wafer of 560 − 840 Ω cm) under illumination of a 532nm laser (127 mW cm −2 ) has been simulated by COMSOL. The finite element analysis gives results of total energy absorption cross-section (ACS) of 1.02 × 10 −12 m 2 and 9.6 × 10 −13 m 2 for TEz and TMz polarizations, respectively, shown in fig. S2 . Since the ACSs for TEz and TMz polarizations are only different within 5%, the rotation periodicity of Si nanowires due to the polarization of laser is too small to be observed compared to the opto-mechanical effect. The power absorbed by the nanowire under 127 mW cm −2 laser is equivalent to the energy of 3.4 × 10 9 photons s −1 at 532 nm, which results in photo-excited carrier generation rate (G) of 3.5 × 10 21 s −1 cm −3 . To reach the steady state, the recombination rate and photoexcitation rate must balance each other, therefore the recombination rate of 3.5 × 10 21 s −1 cm −3 is required. The electron-hole recombination in nanowire can be described by the effective minority carrier lifetime , which is expressed as 1 = 1 + 4 , where τ bulk is the bulky recombination lifetime mainly related to Auger, Shockley-Read-Hall and radiative recombination mechanisms, S is the surface recombination rate and d is the diameter of the nanowire. Most nanowires used in our experiments are 500 nm in diameter. Consider that the silicon wafers used in our experiments are made with float zone technique and are lightly doped, a commonly measured value of lifetime longer than 1 microsecond can be expected. Plenty of works focus on investigating the electronic properties of Si nanowires for potential applications in electronic and energy devices, however, the measured lifetime from the previous works reveals a broad distribution that depends on geometry, fabrication process, degree of crystallinity, surface passivation as well as the characterization methods of Si.(37-40) With a comprehensive literature survey to compare all these reports, it can be found that the surface recombination of silicon nanowire falls into the magnitude of 10 4 cm s −1 without special surface passivation. Thus, the surface recombination dominates and the effective lifetime of minority carrier can be estimated to be ~ 5 ns for silicon nanowire of 500 nm diameter, from which an excess carrier density of = ⋅ ≈ 1.8 × 10 13 cm −3 in equilibrium can be determined. The corresponding photoconductivity is in the magnitude of 10 −1 S m −1 , which agrees well with that used in our fitting in Fig. 4d .
Only the Si nanowires with the highest doping made from the n-doped 0.001-0.005 Ω ⋅ cm silicon wafers are an exception. They do not show any opto-reconfiguration [ fig.  S1 ], where the bright and dim spectra overlap. It can be attributed to the ultrahigh dopant concentration of 1 × 10 19 −3 of the Si wafer, which corresponds to a carrier concentration of 6 orders of magnitude higher than that induced by the laser excitation (1.8 × 10 13 cm −3 ). Note S4. Modeling the dependence of rotation spectrum on diameters of nanowires. We take two effects into considerations in the simulation: 1. ACS as a function of diameter; 2. Carrier lifetime as a function of diameter. The ACS of different diameters is simulated by COMSOL and the results are listed in table S2 as well as the corresponding photo-excited carrier generation rate (G) per volume. The effective minority carrier lifetime has been discussed previously in note S4, which is proportional to the diameter of the nanowire in the limit of surface recombination domination. Then, we are able to calculate the ratio of electric conductivity among all nanowires. Since our estimation is not purposed to obtain a quantitative spectrum but to focus on the tendency prediction, we set the electric conductivity of the nanowire with 500 nm in diameter and 5 μm in length as 0.14 S m −1 , which is obtained from the previous simulations. We maintain the conductivity ratio and obtain conductivities of all nanowires as listed in table S2. Given such, we can readily model the diameter dependence as shown in fig. S4f . Discussion of dim spectra: In the diameter dependent test, we did not find the dim spectra showing a similarly clear trend compared to that of the bright spectra in Fig. 3c . This can be attributed to the different control levels on optical illumination conditions, which are further complexed by sample variations due to fabrication. Here, the background illuminance of dim spectra comes from white light LEDs, which have a broad range of wavelengths. Also, as demonstrated earlier, the absorption cross-section of the nanowires is sensitive to both the sizes and wavelengths. Given such, it is much more unfeasible to predict the overall behavior under the dim LED illuminance with the model, compared to that of the bright spectra obtained under monochromatic laser exposure. Therefore, the modeling is more reliable for understanding the rotation spectra under laser illumination. Here, we displayed the dim spectra to confirm that the laser-modulated multifold reconfigurability exists for nanowires of various diameters. The nanowire can still rotate and get modulated by light in 1 ppm NaCl solution. The spectra are shown in fig. S6a and are similar to those in DI water, with slight decrement in amplitude. In 10 ppm NaCl, rotation speed is greatly reduced but the laser can still modulate the rotation before the nanowire attaches to the substrate. Here, we successfully accelerated the rotation of nanowire from 0.20 to 0.71 r.p.s. at 750 kHz when the laser is on. We did not obtain a complete rotation spectrum in 10 ppm or in higher concentration solutions, since nanowires attach to the substrate in a short time at these conditions. The attachment issue can be attributed to the reduction of electrostatic forces between nanowires and substrates in ionic solutions, which is a problem generally exists.
The second effect that limits the applications in ionic solution can be understood by the Maxwell-Wagner relaxation. We simulated rotation spectra with different NaCl concentrations, which correspond to different medium conductivities. As the medium conductivity increases, the peak frequency blue-shifts and the peak speed dramatically decreases, when the concentration increases to 100 ppm. In the experimental frequency range of 5 kHz to 2 MHz, the Brownian motions can overwhelm such rotation. 
